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Abstract
The unitarity of the CKM matrix is examined in the light of the latest available
accurate data. The analysis shows that a conclusive result cannot be derived at
present. Only more precise data can determine whether the CKM matrix opens new
vistas beyond the standard model or not.
The quark eigenstates of weak interactions do not correspond to the quark mass
eigenstates. These are related to each other through a 3 x 3 unitary matrix., say  V, generally
known as the CKM matrix. Since the matrix V is unitary, the sum of the squares of the
magnitudes of the matrix elements for each row and column must be unity. This can be checked
by taking elements in various rows/columns and adding the squares of their magnitudes. Thus
each of the six equations will verify whether the unitary is violated or not. This violation of
unitarity, if established, may lead to the conclusion that the standard model for three generations
of fermions is not valid and it will then open new vistas.
The precise measurements are yet confined to the elements of the first row for which the
unitarity requires
*Vud*2 + *Vus*2 +  *Vub*2  = 1. (1)
The value of *Vud* has been accurately measured by using superallowed $ decays where
only the weak vector current contributes and by giving a very careful consideration to radiative















2*Vud*= 0.9740 ± 0.0005.
But nuclear corrections are difficult to measure. In fact some of the nuclear corrections are so
difficult to measure that the Particle Data Group has doubled the error in *Vud*.To avoid these
difficult to measure nuclear corrections, Abele et al. [2] has recently written a very important
paper in which they have given the result by using a new technique to measure *Vud*. Instead of
considering a superallowed $ decay, they have used the spectrometer PEKROE II to derive *Vud*
by measuring the neutron decay data. Therefore, the technique for checking equation (1) is based
only on particle physics phenomena where, of course, theoretical uncertainties are fewer and
smaller. However, it depends upon gA / gV ,the ratio of the axial and vector coupling constants,
as well as the neutron lifetime. As the experimental progress has been made using highly
polarized  cold neutron beams together with improved detectors, it was capable of competing
with nuclear $ decays in extracting a value for *Vud*, whilst avoiding the problems linked to
nuclear structure. This group found that
*Vud*= 0.9713 ± 0.0013.
The main experimental errors are owing to spin polarisation, background subtraction and detector
response. By virtue of this result, the unitarity test of the CKM matrix can be performed by using
only particle physics data. 
To determine the modulus of the element Vus, the decays of K+ and KL0 to B0 e+ <e and
B- e+ <e were considered. Since the decays occur via pure vector currents, they involve only
second order correction terms in SU(3) breaking symmetry. By using the chiral perturbation
theory for corrections, the result obtained was [3]
*Vus*= 0.2196 ± 0.0023.
It may be mentioned that the analysis of semileptonic hyperon decays for measuring *Vus*
involve
large theoretical uncertainties since these are goverened by vector as well as axial vector currents.
The SU(3) symmetry breaks in the first order and consequently the larger theoretical
uncertainties.
But it still gives a result, *Vus*= 0.222 ± 0.003 [4], that may be considered as consistent with the
above result. This is interesting to note that this measurement was made long time ago and in 
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be obtained which may be extremely helpful in determining the unitarity of the CKM matrix.
Vub is one of the smallest and least well-known CKM matrix elements. The magnitude
of this element can be obtained by using the exclusive b 6 u R< decays. To determine the
magnitude of the element Vub, hadronic form factors to be used, are obtained from theory. Very
recently, the BABAR Collaboration [5], has used five different form factors for computations and
the combined result obtained by them by collecting approximately 55 million BB
_
  pairs in a
preliminary measurement of the CKM matrix element *Vub* is
*Vub*= (3.69 ± 0.23 ± 0.27  + 0.40- 0.59 ) x10-3 .
The quoted errors are statistical, systematic and theoretical, respectively. In fact, different results
have been obtained by using different form factors. The above result is the average value.
The measurements made by several groups are shown in Table 1 and reflect the need for
more accuracy- less uncertainty- in the measurement of the modulus of this matrix element. For
references, see [5].
Table 1
Collaboration *Vub* x 103
BABAR (exclusive) 3.69 ± 0.23 ± 0.27  + 0.40- 0.59 
CLEO (exclusive I) 3.23 ± 0.24   + 0.23- 0.26   ± 0.58 
CLEO (exclusive II) 3.25 ± 0.14   + 0.21- 0.29   ± 0.55 
CLEO (inclusive) 4.08 ± 0.63 (stat + syst + theo)
LEP (inclusive) 4.09 ± 0.68 (stat + syst + theo)
It is interesting to note that Kim et al. [6] have studied semi-inclusive charmless decays
B 6 B X, where X does not contain a charm quark or antiquark. They investigated the possibility
of extracting the modulus of Vub from these processes. Of course, in general these decays are
expected to have less hadronic uncertainty and larger branching ratios as compared to the
exclusive decays. The mode B
_
 0  6  B- X turns out to be particularly useful for the determination
4of the modulus of the CKM matrix element Vub. For the branching ratio $ =  (1.0 ± 0.1) x10-4,
they determined 
*Vub*= (3.7 ± 0.47) x10-3 .
This is in close agreement with the average value obtained by the BABAR Collaboration.
Bornheim et al [7] have recently measured the magnitude of this element and with a
number of uncertainties have found the value as
*Vub*= (4.05 ± 0.89) x10-3 .
If we consider only the data obtained from the particle physics phenomena, we find 
*Vud*2 + *Vus*2 +  *Vub*2  = 0.9917 ± 0.0028.
The value differs from the unitarity constraint by 0.0083 ± 0.0028. This is about 3F times away
from the stated error. Hence, it conflicts the prediction of the standard model and if confirmed
will give a new perspective.
On the other hand, if we take the value of *Vud*as
*Vud*= 0.9740 ± 0.0005, 
we find that
*Vud*2 + *Vus*2 +  *Vub*2  = 0.9969 ± 0.0024.
This is only 1.3 standard deviation from the unitarity and the result is therefore consistent with
the standard model.
Hence, at present, nothing can be conclusively said about the violation of the unitarity of
the CKM matrix. More precise measurements are required and are being eagerly awaited.
We may take this opportunity to mention the all important question: What is the source
of CP violation? The question has yet remained unanswered. Gilman [8] has approached the
problem in a phenomenological manner and has stated that it is the CKM matrix of the standard
model that is the origin of this violation. He has asserted that the question to be  answered  by 
5experiment and theory in the coming decade is: Are there CP-violating effects that do not arise
from the CKM matrix and instead come from physics beyond the standard model? It appears that
the matter has to be probed further and a convincing answer has yet to be sought.
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